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Figure 2. Davis-Besse RPV Top of Head Plan View
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Figure 4. Boric Acid and Iron Oxide on Vessel Flange at 12RFO
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Figure 5. Corrosion at Nozzle 2 Drawing Side View
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Figure 5a. Nozzle 2 Corrosion Area Location, Size, and Profile.
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Figure 6. Cavity in Reactor Vessel Head Between Nozzle 3 and 11
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Root Cause Analysis Report Figures - 98



Nozze 2 Profile
Top-Down Deta
Degrees

0 D 180 20 3D

1—2 3—4—5—6—7—8—9—10—1N—12—13 4—-15 16—Nwz End

Figure 9. Nozzle 2 Crack Locations and Sizing
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Figure 10. Nozzle 3 Crack Locations and Sizing
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Figure 12. Nozzle 47 Crack Locations and Sizing
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Figure 16. Location of Leaking Nozzlesin B&W Design Plants
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Figure 18. CRDM Nozzle L eakage Observed at Oconee 3
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Figure 20. As Found Locations of Boric Acid Deposits on Davis-Besse Vessel Head
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Figure 26. Timeline of Key Events Related to Reactor Vessel Head Boric Acid Corrosion
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Figure 27. Events and Causal Factors Chart
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) rown and crystals and
about 8 weeks All filters contain discoloration hours (frequency was rust colored blanks due to
due to boron Boron crystals had been rising) iodine saturation
Disconnect
between ISi and
boric corrosion 10/25/01 - 11/3/01 -
control Calculated RCS Airborne activity 11/12/01
unid. leakage V.| & RCS unid.lk. in .| Increasein RCS
increasing 71 CTMT high after d unidentified
following 10/20 down power on leakage observed
BGric acid conto downpower 10/19 and 11/17
form documents
boric acid. Boric
acid corrosion
inspection not
performed.
4’12’00 - 445470 ' ¥ ad
417100 - Boron Recommend to . walkzi owun =@|“ l
found in CRDM remove as much RFO - Boric Acid 10/19/01-10/20/ 559, er did
nozzle area and 5| boronas Pos., | wall crack/leak or not all removed 01 - Outage to o n:)meal
top of insulation "1 contact B&WOG reactor vessel f nter of work on o f RCS
- assume CRDM to justify not pad degradatl 0 om ::a : o secondary plant so::l::: nct’lﬁ ed
leak at flange 3 removing all b toat
3 dep#@sits



All B&W plants
have experienced
nozzle cracking

As of 2/02 6.5% of
EDF nozzles
inspected have
cracks

2/27/102 - #3
12/15/01 - 222 - Found CRDM nozzle 2128102 -
Completed T, , 2/16/02 - Begin » boron 25% and - revealed .| Indications of
reduction from 13 RFO - 1-2" deep 75% 1 through wall | cracks found on
582 to 574 around fi ang; axial flaws in 5 nozzles
weld region

A

No CRDM flange
leaks

Significant boric
acid deposits found

in southeast
quadrant

75 gallons of wet
boric acid removed
from CAC plenum

3/8/102 -
Discovered
significant
degradation
of pressure
vessel at
nozzie 3




@000

1990 Repaired CRDM Flanges (23)
1991 Repaired CRDM Flanges (15)
1991 Leaking CRDM Flanges (7)

1993 Repaired CRDM Flanges (15)

O 1994 Repaired CRDM Flanges (8)

@ 1996 Repaired CRDM Flanges (10)

{Z} 2000 Repaired CRDM Flanges (5)

Figure 28. Leaking Flanges Found and Repaired During Each Outage
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Figure 29. Flange L eakage with Stalactite Formation from Insulation
and Stalagmite Formation on top of Reactor Vessel Head (8RFO)
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Figure 30. Flange Leakage Crusted On Side of Nozzles and Stalactites from Gaps in Insulation (8RFO)
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Figure 31. Reddish Brown Boron Deposits Crusted on Side of Nozzle (8RFO)
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Figure 32. Boron Deposits — Source Unclear (8RFO)
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Figure 33. North Side of Reactor Vessel Head (10RFO)
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Figure 34. Boron Deposits Near Top of Reactor Vessel Head (10RFO)
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Figure 35: Typical Deposits for Periphery (10RFO)
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Figure 36. Red Rusty Boric Acid Deposits on Vessal Flange (12RFO)
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Figure 37. Boron Piled Under the Insulation (11RFO)
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Iron rich deposits on
underside of flange

Figure 38. Boric Acid Deposits with Heavy Iron Concentration on Underside of Nozzle 3 (13RFO)
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Figure 39. 2000 Interferences with CRDM Flange Inspection
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CTMT Air Coolers:
Lower level —585' 0° CRDM Vent. Fans (2)
Refueling floor ~608’ N

4

RE4597BA Norma Sample,

RE4597AA : Lo Lo i
Alternate Sample, high ---" T--== ~-==-

Top of “D” ~655'
|
CJ

270° — West East of| — 90°

D Rx D

@

()]

RE4597AA, Norma Sample, 18|0° RE4597BA Alternate Sample,
Top of “D” ~655' Refueling floor ~603'

(not to scale)

Figure 40. RE4597 Sample Location
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CTMT Radiation Monitors RE4597AA/BA

(Combined lodine Channels)
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Figure 41. CTMT Radiation Monitors RE4597AA/BA

(Combined lodine Channels)
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CTMT Radiation Monitors RE4597AA & BA (Noble Gas Channels)
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Figure 42. CTMT Radiation Monitors REA597AA & BA
(Both Noble Gas Channels)
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Roric Acid on Head Acts 1o Relain
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Figure 43. Potential Effects of Boric Acid Deposits on Vessel Top Head Surface.
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